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Abstract
The seaport-hinterland access infrastructures become more saturated leading to
extra unpredictable costs for logistics operators. To keep their services competitive,
infrastructure managers (such as port authorities) seek new approaches in managing
and delivering information to their users. Starting from existing technological
advancements and exploring the declared opportunities enabled by (near) future
ones, a range of solutions (e.g. real-time information platforms, dynamic information
boards or digital on-request notification solutions) can be pursued. This research
investigates how an advanced truck guidance system (TGS) leverages on technology
and leads to more efficient resource (infrastructure, equipment and labour) usage.
The current paper merges two perspectives. The first conducts interviews with
representatives of different logistics stakeholders to highlight their data needs. The
second perspective is given by a review of information communication technology
(ICT) innovative trends. These two perspectives provide an up-to-date overview of
both needs (demand) and opportunities (supply) that challenge logistics
stakeholders. This study proposes a TGS architecture that merges the two
perspectives and identifies a stepwise approach to implement it. Therefore, the roles,
costs and benefits brought to the logistics stakeholders are highlighted for each
step. The key findings of this study show that road transport operators would benefit
from operational savings and increased performance, while the other supply chain
stakeholders can benefit from setting up a more reliable planning, better managing
their infrastructure and developing added-value services for clients. To enable these
benefits, the port administration could take the facilitator role and cover the TGS’s
development costs.
Keywords: Truck guidance system, Seaport, Users benefits, Implementation
strategies
Introduction
North-Western European ports’ hinterland connections are mostly ensured by road
transport. Ports located in North-Western Europe have a relatively (as compared to
other European ports) low modal share when it comes to road transport ensuring their
hinterland connections. In 2017, the modal split of freight carried by road was 59% for
the port of Hamburg, 53% for the port of Rotterdam, 52% for the port of Antwerp, and
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50% for the port of Bremen. The port of Antwerp, the second largest port in North-
West Europe, has already one of the lowest modal split for freight carried to and from
the hinterland by road. Moreover, road transport operators deal with congestion and
delays as the road transport network becomes saturated. In this context, road hauliers
operate in a highly competitive ecosystem, where sub-optimal decisions with regard to
infrastructure use are made. These elements have impact not only on the activity of the
road transport operators themselves, but also on the efficiency of the related maritime
supply chain (MarSC) stakeholders such as maritime carriers, terminal operators, ship-
pers and consignees, affecting their competitiveness. Therefore, port authorities seek
for ways to facilitate the use of new ICT advancements for better services that involve
data collection (e.g. real-time traffic information, parking availability, gate waiting times
etc.), data storage and processing (e.g. servers, cloud technology, etc.), and data usage
(e.g. digital road signs, online platforms, users’ own interfaces, data push to vehicle on-
board units or other mobile devices).
Despite the high potential represented by technology, the presence of a high number
of ICT solutions on the market creates heterogeneous working practices (D’Este et al.
2012). Firms develop own working practices using own set of IT tools. Heterogeneity is
also a characteristic of the road transport market. Moreover, the road transport market
is segmented and consists of a high amount of players with low physical capital (low
number of transport assets). This situation is presented in Fig. 1 from the perspective
of Belgium. This general trend with regard to the size and the amount of assets owned
by road transport companies in Belgium is seen as well throughout countries of North-
Western Europe. In Belgium, on a total of approximately 8700 road transport compan-
ies, around 3200 (37%) are companies with one vehicle. This landscape puts a lot of
pressure on information technology (IT) developers to consider solutions that are both
suitable for large operators with relatively higher financial capabilities, but at the same
time also for small operators that form the greater market share and have a low willing-
ness to pay. While relatively large companies have invested in state-of-the-art solutions
to manage their fleet of vehicles and drivers, small operators are still using traditional
solutions (e.g. retrieval of information by phone on an individual basis from the
Fig. 1 Overview of Belgian trucking companies’ fleet size [source: FOD Mobiliteit 2017]
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terminal operators) and base themselves on other public information scattered across
different sources to deal with their operational daily issues.
To overcome these problems, it is worthwhile to investigate how an advanced TGS
leverages contemporary technologies to lead to more efficient resource usage, such as
roads, parking lots, terminals, containers, etc. Available technologies should be incorpo-
rated in an advanced TGS adapted to port users’ needs. Also, a clear roadmap and ac-
tion plan is needed on how such a system is developed and brought to the different
stakeholders that are involved in the transport and processing of containers from and
to the seaport. This action plan should indicate which steps and priorities are essential
to implement such a comprehensive TGS, showing the incentives for each stakeholder.
The intermediary steps in achieving a state of the art Truck Guidance System (TGS)
and their implementation strategy make the focus of the present research.
To achieve the goals of this research, the port of Antwerp was taken as case study,
where the port authority is confronted with a high demand for supporting the imple-
mentation of a TGS.
By conducting in-depth desk research and interviews with stakeholders, this research
aims at the following three objectives. Firstly, it puts forward the functionalities and the
architecture of a TGS to be developed at a seaport. By doing so, this research points
out the steps needed to be undertaken in achieving a fully automated TGS. Secondly,
the costs and benefits of the proposed TGS are pointed out. Third, the paper aims at
identifying the roles of both technology developers and MarSC stakeholders in achiev-
ing an enhanced TGS. Therefore, a final strategy analysis is conducted, considering the
possible roles the port administration can play. This analysis points out the MarSC
stakeholders’ and ICT solutions developers’ interest, specialization, need for further
specialization or no immediate interest in a TGS.
The structure of the paper is as follows. Section 2 gives a literature review of both
port-related ICT tools in general, and on TGS’ in particular to frame to topic of re-
search. Section 3 summarises the research methods further used. Section 4 provides a
collection of insights with regard to port stakeholders communication needs, roles and
ICT truck solutions in/around ports. Section 5 presents the main findings of this re-
search with regard to the steps and the functionalities of a TGS. Within this section, a
discussion on three scenarios analysing the roles of the involved stakeholders is elabo-
rated. The conclusions and recommendations for future research are in Section 6.
Literature review
This section discusses firstly the nature of problems encountered in road haulage and
contributes at determining the further research approach. Therefore, it presents the is-
sues related to information exchange and role of ICT tools in port and hinterland logis-
tics. In addition, it shows the main findings of a literature review with regard to a truck
guidance system.
Information issues in port-related trucking
The problems faced by the trucking industry and the other stakeholders involved in
container transport from and to all major seaports are multiple. Yet, with regard to
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information access or information communication, the contemporary focus falls on the
following items:
 Lack of transparency and predictability of the traffic situation (especially for trucks)
(Zhao and Goodchild 2010; Hill and Böse 2017):
 Arrival time of trucks is not always known
 Difficulty to take the different traffic situations into account in the planning
phase
 Need for cross-process communication and coordination through the logistics
chain to optimize operations (Cao et al. 2010; Rushton et al. 2014):
 Lack of communication and data sharing between stakeholders
 Lack of centralized information which is needed for efficient truck planning
 High delay and handling time at the terminal
 Inefficient gate operations
 Inefficient retrieval of free parking spaces
Transport- and port-related ICT tools
The transport sector has started to develop information communication technology
(ICT) solutions over 30 years ago and is expected to continue even more after 2020
(Mohr et al. 2013). The literature review carried out by Harris et al. (2015) shows that
the terminology used for ICT transport solutions evolved from telematics provided for
road transport to contemporary smart/intelligent solutions that make use of technolo-
gies such as cloud storage, Internet of Things (IoT), Big Data analysis, Cryptocurrencies
or Blockchain. So, the continuous introduction of new technological achievements in
daily operations in transport is acknowledged, yet the full costs and benefits that they
generate are not shown in an exhaustive framework.
Given the relevance of port and hinterland transportation in the global supply chains,
available literature encourages increasing operations visibility of port-related stake-
holders (Song and Panayides 2008; Woo et al. 2013). A key aspect to increase transpar-
ency in (maritime) supply chains (SC) operations is connectivity or information sharing
through electronic linkages among supply chain partners. Academia shows that in-
creased information sharing between the port and supply chain actors contributes to
reducing order cycle times, cutting inventories and achieving more flexible systems
(Woo et al. 2013). In fact, it helps them to better accommodate the highly-fluctuating
demand for transportation and remain active in a competitive, low-margin industry
(Panayides and Song 2013). Haralambides (2017) points out that improvements with
regard to information systems, among others, can be seen as a first step towards port
reform without pursuing other fundamental changes (such as organizational or policy
shifts). These improvements have effects on existing capacity usage as they enable new
asset management opportunities to be applied in ports’ hinterland operations, also as
remarked by Wiegmans et al. (2018).
All seaports face continuously new challenges in meeting transport growth rates
while the capacity of infrastructure stagnates (Castelein et al. 2019). Loads such as con-
tainers, break bulk or liquid bulk cargo are always relying on road transport as a part of
their SC. In this context, road freight transport is an important player in the logistics
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chain that cannot be completely substituted for. Tools that lean on existing technology
are needed in developing tools that optimize this part of the logistics chain. The follow-
ing sub-section gives an overview of research initiatives exploring the functionalities of
a truck guiding system at seaports.
TGS tools
Previous research has studied the implementation of truck guidance (appointment)
systems at ports’ terminals. Zhang et al. (2013) present research on the topic of TGS
and a model that describes the queuing process of trucks at a terminal, using Genetic
Algorithm (GA) and Point wise Stationary Fluid Flow Approximation (PSFFA). Their
results indicate that the proposed PSFFA method can estimate the queue length accur-
ately and the model can decrease the truck turnaround time efficiently. Moreover, the
research of Yanhong and Xiaofa (2013) provides early evidence on the effect that GPS
data mining has on freight truck operations. They show that by using GPS data, freight
modelling can offer reliable results and reduce planning errors.
The benefits of a truck appointment system are studied from the perspective of the
inland transport modes by Zehendner and Feillet (2014). They provide a tool to use the
truck appointment system to increase not only the service quality of trucks, but also of
trains, barges and vessels. Their model is based on a network flow representation of the
terminal and aims to minimize its overall delays. They provide quantitative results and
proves that fewer delays occur at a terminal with a truck appointment system than at a
terminal without. Phan and Kim (2016) develop a mathematical model by which truck-
ing companies and terminals can collaboratively determine truck schedules and ap-
pointments for truck arrivals. Several conditions are discussed and the computational
time necessary for each iteration is calculated. They finally show that, depending on the
algorithm complexity, the computation time of a truck appointment system for one it-
eration can be 2.6 s and that a trucking company needs, on average, 9.2 iterations to
reach an acceptable result. These results show that TGSs addressing a wide mass of
users need relatively high computational time.
Equally, truck guidance systems are studied also from the perspective of environmen-
tal emissions. Research conducted by Schulte et al. (2017) demonstrates that the appro-
priately coordinated truck schedules effectively reduce truck emissions and costs. Later,
the research of Li et al. (2018) proposes a response strategy that can maintain high re-
silience ability of the system in neutralizing the impact of disruptions. Their evaluation
is made based on two key performance indicators as follows: total waiting time of on-
time trucks and total idling emissions of all trucks. They show that the appointments
of trucks influence the yard-crane moving distance and that a resilient appoint systems
for trucks reduce the operating cost for yard-cranes.
The literature review points out that there is a need for tools to optimize road haul-
age operations as the present ones serve local company-specific issues. Moreover, con-
ditioned by low profit margins and being active in a high competitive market,
companies offering road transport services depend on other stakeholders to set steps
towards implementing ICT solutions (like a TGS) that increase transparency of opera-
tions. In addition, the above literature overview shows that academia addressed the im-
pact of TGS from multiple perspectives (e.g. theoretical modelling, environmental
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savings, individual advantages for stakeholder etc.). In this context, there is a research
gap that arises with regard to what are the necessary implementation steps to deploy a
TGS. This issue is addressed further in detail by this study, and the next section pre-
sents the approach taken to determine the steps for successful TGS introduction.
Research approach
To achieve the objectives of this research, an in-depth desk research, a market analysis
and a strategy analysis were conducted. Starting from the results of these analyses, sev-
eral implementation strategies are defined and an analysis is later developed.
Desk research
The desk research was initiated to seek insights with regard to the contemporary and
future technologies, and information systems that are developed for the trucking indus-
try. This overview covers sources from scientific journals with regard to state-of-the-art
technologies and optimization algorithms, real-time optimization methods in logistics,
but also public implementation results of European projects and their proof-of-
concepts. Particular algorithms that were studied include optimal real-time routing as
defined by Bast et al. (2016) and their real-life implementations as used also by Delling
and Werneck (2015). A parallel desk research focused on identifying the type of costs
and benefits that collaborative ICT solutions generally bring to port communities and
their stakeholders. Finally, the desk research also identified truck-related ICT solutions
at other ports pointing their scope, implementation issues and success factors.
Market and strategy analysis
A market analysis to disclose the state of ICT solutions developed and used by supply
chain stakeholders was initiated. This analysis was conducted by carrying out semi-
structured interviews. In total, 30 companies were interviewed in the period June–Oc-
tober 2017. As shown in Fig. 2, the interview sample consisted of ten road transport
operators, five shippers, four terminal operators, four IT solutions developers for truck-
ing industry, two forwarders, two shipping agents, two ICT solutions developers, and
one mobile operator. The length of interviews depended on the role and interest of the
organization in the implementation of a TGS and varied between 45 min and two
hours.
The semi-structured interviews were held with both chief executive officer (CEO)
and ICT operational managers (if available) to identify a combination of technical and
strategic elements embedded in contemporary working practices. The presence of the
chief financial officer (CFO) and chief technology officer (CTO) was requested as well
at the interviews, however when they were not available, their views were represented
through the CEOs’ statements. Appendix 1 presents the key questions guiding the in-
terviews. This approach verifies whether a technological gap exists regarding the work-
ing practices of different MarSC stakeholders that have their activity linked with the
port of Antwerp. The outcomes of this investigation are further used to define the fur-
ther functionalities and architectural design of a TGS to avoid introducing potential
discrepancies.
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Turning findings into implementation steps
The results of the desk research, and the market and strategy analysis point out
which consecutive TGS versions are to be developed. These TGS versions are
considered as further implementation path and later analysed. At the interest of
the port administration, the costs and benefits of a TGS are also pointed out. To
do so, a comprehensive up-to-date framework, developed by Carlan et al. (2016),
is applied for each version. This framework was developed after an in-depth lit-
erature review and, through its design, is applicable to ICT innovation that serves
stakeholder communities in the MarSC and ports. Hence, the cost and benefit el-
ements contained in this framework are thus relevant as well in a TGS case to
be implemented at a seaport. As seen in Appendix 2, this framework consists of
two parts. The first part provides a complete list of costs that are incurred by
both the systems’ operators and its users. Therefore, the stakeholders that incur
the costs of such a system are pointed out. The second part puts forward the list
of benefits that are generated by an ICT innovation. This list is divided in two
sub-categories. While the first one points out the benefits gained from adhering
to a digital solution, the second addresses the benefits of joining a community-
based system. ICT innovation benefits are identified from each participating
stakeholders’ standpoint.
Analysis of implementation strategies
Lastly, a number of implementation strategies are analysed. These strategies offer
in-depth insights with regard to the involvement and potential strategies followed
by the other stakeholders in implementing and using a TGS.
The results of the desk research and market and strategy analysis are presented
in section 4. Section 5 takes lessons for implementation steps and strategies.
Fig. 2 Logistics stakeholders share interviewed in the market analysis pursued by this study. [Source:
own composition]
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Findings of the desk research, and market and strategy analysis
Supply chain operations are complex and require the active involvement of all the port
stakeholders. This section gives an overview of the communication needs of port
stakeholders.
Contemporary road transport-related data communication needs
Supply chain fragmentation due to lack of data still remains the main issue of contem-
porary transport operations (Kache and Seuring 2017). Ports’ competitive strength de-
pends mostly on the infrastructure they offer but also on the services around it.
Traditionally, seaports are regarded as gateways for transferring cargo and passengers
between vessels and shore. Ports represent the link in the supply chain where most
supply chain stakeholders interact. Previous research (e.g., Coppens et al. 2007; Meers-
man et al. 2010) has focused on the relations of the supply chain stakeholders and ana-
lysed their influential roles in the operational decision making process. Yet, there are
still integration issues that need to be settled between supply chain stakeholders, as
Wiegmans et al. (2018) also points out. These issues are investigated through this re-
search by addressing questions to industry representatives about the ICT tools and data
they use in daily operations. In addition, questions on whether and which issues they
do generate are also asked. These elements are retrieved through the questions ad-
dressed in sections 2 and 3, respectively, as presented in the interview guide added in
Appendix 1. The interviews carried out with supply chain stakeholders that have their
activity linked to road transport operations at the port of Antwerp pointed out the fol-
lowing issues. Firstly, road transport operators claim unreliable data with regard to
driving times (also on alternative routes) and delays at terminals. Secondly, terminal
operators, shippers or consignees point out the non-uniform truck arrivals and the lack
of an ICT tool that centralize this information. Lastly, the forwarders claim the data
fragmentation, information spread with regard to operations status and lack of possibil-
ity to offer reliable delivery-time estimation services.
This research at the port of Antwerp shows that SC stakeholders have developed
own solutions to tackle some road transport-related operational issues. Contrary to ex-
pectations, although a lot of information is already available in a digital format, inter-
viewees have pointed out that most of the data reading, processing and/or bundling is
done manually. Moreover, supply chain stakeholders often work with extra time re-
serves when planning operative moves. Although no significant technological gap with
regard to used technologies has been found, the presence of the human factor as data
integrator is a common working practice. This practice is signalled as counter-
productive and thus costly. From this overview, it is clear that new, integrative solutions
and new agreements between the supply chain actors are necessary.
Information sources, functionalities and architecture of a TGS
A TGS cannot exist without the various data sources from different stakeholders in the
transport chain. Reliable data sources are essential for feeding the system with the ne-
cessary information. In this section, an overview is given of all possible data sources
that were identified during the desk research and interviews with stakeholders. Next to
the data sources, the functionalities and the architecture of a state-of-the art TGS are
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put forward. Building insight in the future TGS was difficult and was done in close co-
operation with the stakeholders involved, who often had different desires and some-
times even directly conflicting requirements. The design methodologies proposed
initially by Fred and Brooks (1975) and later further developed by Tanenbaum and
Wetherall (1996) or by Tanenbaum and Van Steen (2007) were followed, allowing for
iterative refinement and adaptation. The current research acknowledges that the
solution-space to the design problem actually forms a Pareto-front, and that multiple
approaches, equally valid but with focus on different optimality, are possible and even
desirable. This research aimed thus foremost at a valid design that flexibly fulfils most
requirements from the stakeholders. Adaptability (i.e. being future proof with regard to
technological advances and changing requirements) was an additional prime focus of
attention.
Information sources
This sub-section details the key information necessary to a TGS. Table 1 presents a
non-exhaustive list of information sources categorised by type.
As put forward in Table 1, key information necessary for the functioning of a TGS is
scattered around. Information with regard to truck positioning and status provided
from the on-board units is accessible through truck manufactures or on-board ICT
providers. Specialized routing information is available through truck navigation pro-
viders and traffic information and decisions are released by road infrastructure man-
agers and road authorities. Supply chain stakeholders, such as shippers, carriers,
terminal operators or forwarders have in-house systems that contain information with
regard to cargo, planning and estimated timing of operations. Collecting information
from these sources is key in a fully automated TGS.
Functionalities
This sub-section explores the technical functionalities of a TGS.
From a technological point of view, an advanced future-proof TGS should consist of
several built-in functionalities in order to offer the necessary features towards the end-
user of the system.
The trucking sector emphasizes the need for real-time information with regard to
road infrastructure status such as: status of bridges, lock passages, road works, parking
availability; but also data to indicate driving times, waiting or transit durations at termi-
nals. Table 2 gives an overview of technological features that are highly relevant for a
TGS. Later in this study, a roadmap is presented on how these functionalities are added
in a flexible and modular way, depending on priorities and feasibility in terms of open-
ness of the stakeholders. Equally, the stakeholders that would incur the costs of devel-
oping and operating such as system, as well as the stakeholders that enjoy the benefits,
are also identified.
Each of the presented functionalities enables further opportunities. The data collec-
tion and processing help ICT developers to further build algorithms as desired by port
users (road transport operators, terminal operators, forwarders or carriers etc.). The
visualisation layer and connection to the planners’ back-end increase the accuracy of
manual dispatching operations. By integrating the pre-booking system of terminal
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operators, one would reach a single sign-on planning platform with direct slot booking.
Integration with infrastructure management systems provides a centralised traffic and
parking management system. The link with SC stakeholders will enable booking and re-
trieval of shipping data. By developing and integrating the previous functionalities, a
TGS would provide an integrated communication tool that would incorporate a dy-
namic traffic management system.
Table 1 Key information sources for a TGS [Source: own composition based on interviews results]
Key information Source
Truck information ICT on-board providers offer ICT solutions for fleet management to
the transport industry, including backend software and on-board
units in trucks to locate and monitor in real time the status of the
truck fleet. Based on interviews with these solutions providers, they
show a clear interest in sharing at a certain cost their data to
interested parties. Within this regard, a TGS that utilizes this kind of
data is, from a technological and economic point of view, definitely
feasible. Some examples of data the providers can share include:
• GPS data with the position of the vehicles





Many navigation software applications already exist and are used by
millions of drivers worldwide. Some examples are: Tom-Tom, Waze,
Google Maps, Flitsmeister, Garmin, etc.. Applications generate
crowdsourced data that is sent to specific backend systems. This
data can then be fused with other traffic information sources, such
as floating-car data, road sensors or tolling booths. All this
information is then fed into the algorithms that determine optimal
routes and provide traffic information to the end user via user-
friendly interfaces.
Traffic management systems and
road authorities
For the traffic management, dynamic signalisation is deployed: lane
signalisation above each lane and large text signs above and along
the highways. The traffic measurements and steering of this
signalisation is internally processed in different databases that are
openly accessible.
Shippers/ maritime carriers/ agents/
forwarders/ consignees systems
Information from the shippers/forwarders could also be used by the
TGS to have a better overview of planned transports. Information
with regard to shipping orders can be predefined in central
platforms so that shippers can reduce their cost by bundling their
regular transportation needs with other shippers. In general,
shippers, maritime carriers, agents, forwarders and consignees have
their own information and thus are valuable sources of information
in a supply chain. For example, real-time updates with regard to the
expected delivery timing could be used by the TGS to optimize
routing and planning.
Terminal/ port/depot data/ (pre-gate)
parking lots
Trucking companies delivering/picking-up goods to/from the port
of Antwerp lack an integrating platform to announce and book
their visit at each terminal. In this regard, there is a range of
working practices from first-come-first-served to an hourly-based
time slot booking system. Due to lack of coordination, it is very diffi
cult to plan cross-terminal follow-up tasks.
An integration via a single sign-on platform between the TGS and
the terminal operating systems would be very beneficial within this
respect.
Data from terminals, ports or (empty) depots is beneficial for the
TGS, e.g.:
• Terminal slot data
• Queuing time at terminals
• Container availability
• Location of quay numbers
• Opening hours
Source: own composition from desk research and interviews
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Architecture
The information provided by a TGS is the result of telematics services, combining both
telecommunication and information technology. Figure 3 puts forward the architecture
of a proposed TGS. Data gathering with regard to assets (e.g. containers, trucks,
trailers) is essential. Moreover, additional information about the roads outside the port
(e.g., current and expected traffic conditions) should be also gathered. Information
about the scale and utilization of available trucking capacities will optimize the truck
journeys, terminals’ capacity or adjacent services usage (e.g. cleaning, servicing, parking
etc.). It is important to allow users to select the data-sources they want to use, and neg-
lect the others, in order to avoid a data-deluge. The modular design of the presented
TGS architecture offers this kind of flexibility, preventing its overloading.
Based on the communication links that are described by Böse (2011), the architecture
of an advanced TGS involves different stakeholders having their main activity in the
same geographical area. Considering the information sources, the functionalities and
the architecture needed, a TGS consists of three main building blocks as described also
by Tanenbaum and Wetherall (1996), Tanenbaum and Van Steen (2007) or later by
Böse (2011):
 TGS Backend: is responsible for gathering and storage of data from the different
stakeholders and processing this data based on intelligent algorithms for optimized
Table 2 TGS functionalities [Source: own composition based on interviews results]
Functionality Description
Data gathering Collecting the GPS location data/travelling times from the trucks (directly
from a Truck Guidance (TG) app or indirectly via on-board computers)
Collecting data from the infrastructure management authorities, navigation
system providers and traffic information providers about road conditions,
traffic jams or other incidents.
Collecting data from terminals about available slots, container availability,
quay numbers or opening hours.
Collecting data from port, parking lots, gates, locks, bridges etc. about
their status (e.g., queuing time, available space, bridge condition or
opening hours).
Data processing Analysing the traffic situation based on the collected data from different
sources.
Handling the availability of slots, e.g., late arrival, new slots proposal.
Optimize pre-gate parking by indicating available spaces
(via sensors and/or parking entry/exit data.
Information presentation
and recommendation
Presenting in a user-friendly way the information towards the end-users
of the system (truck driver, planner, terminal operator, port operator,
forwarder or dispatcher), supporting different types of transport companies,
with very heterogeneous ICT capabilities.
Forwarding trucks in an optimal way to the terminal/loading area taking
into account available information (time slot, road conditions, etc.): via truck
information.
Data Integration Integrating with the transport planner Traffic Management System to
optimize planning operations.
Integrating with terminal booking systems.
Integrating with parking lot booking system.
Integrating with other stakeholder systems.
Source: own composition from desk research and interviews
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and intelligent routing calculation. The TGS backend should serve this information
and recommendations to the remote end users in a user-friendly way. Privacy and
confidentiality of the data handling is extremely important.
 TG Information System (towards its end users). To the end user, the TG
Information System should present in a user-friendly way the information from the
TGS backend, including traffic conditions, terminal data (e.g., slots), parking
information, etc. This data can be presented via a web interface, an application on a
smartphone/table or via the OBU.
 Interfaces between the TGS and the third-party systems. In order to exchange
data between the different stakeholders and the TGS backend, either existing
interfaces should be exploited or new interfaces need to be defined and
implemented.
Beside the three main building blocks, a TGS must foresee the connection, through
secure encrypted links, with the interested logistics stakeholders and to the tools of
their operating personnel. For example, travel times must reach the web application
used by dispatchers in the trucking companies or the mobile devices of the drivers. On
the other side, an information link must be ensured also with the Terminal Operating
System of the terminal operators, and the information panels used inside the terminals.
Moreover, a TGS is seen as a further module offered through the logistics functionality
of a PCS.
After having processed the outcome from the desk research, and market and strategy
analysis, section 5 presents the main outcomes with respect to setting up a TGS.
Proposal for developing a TGS
Bringing the findings from section 4 together, it appears that the TGS functionalities
are to be built following three intermediary solutions. Key statements are collected with
regard to potential technologies, costs and benefits elements, other stakeholders or bar-
riers (disadvantages) that are linked to the implementation of a TGS. These statements
are collected by addressing questions as presented in section 4 of the interview guide
(presented in Appendix 1) and processed. By doing so, intermediary solutions were
Fig. 3 Overview of a TGS [source: Böse 2011]
Carlan et al. Journal of Shipping and Trade            (2019) 4:12 Page 12 of 24
identified during interviews with IT experts and validated by representatives of MarSC
stakeholders. The sections below discuss the distribution of the costs and benefits of
each intermediary solution. Further on, three implementation strategies are also
analysed. The answers received with regard to the roles are shown that each logistics
stakeholder might take in the potential development phases of a TGS. This input is
gained by addressing the questions present in section 5 of the interview guide (shown
in Appendix 1) to representatives of MarSC stakeholders.
Intermediary solutions, costs incurred and stakeholders’ benefits
The adoption of each functionality and integration of each port stakeholder need from
a TGS perspective follows a step-wise approach. The interviews with the stakeholders
have revealed their potential involvement in implementing each intermediary version.
Having in mind the achievement of a fully dynamic TGS, before implementing this
solution, two intermediary versions are foreseen to be operational. The initial version
condition the implementation of the later ones. In this context, the final version is seen
as a follow-up of the previous. Firstly, a basic TGS (bTGS) collects, processes and pre-
sents in a user-friendly way data necessary for planning operation at the port level. Sec-
ondly, an enhanced TGS (eTGS) ensures the connection to own systems of port
stakeholders. Lastly, a fully automated TGS (faTGS) takes the condition of each stake-
holder for operational purposes and enables them to build further cost-effective oper-
ational planning. This stepped approach, with these three specific parts, is chosen with
the software interfaces in mind. Indeed, the layered approach abstracts away the speci-
ficities of the user-groups, allowing a more robust and modular software design. Re-
gardless the fact that a TGS requires significant initial investments, it has high potential
to increase the competitiveness of the community it serves. This potential is confirmed
through the semi-structured interviews carried out. Through these interviews, MarSC
stakeholders acknowledge the opportunities to take better planning decisions when
data with regard to port infrastructure usage (road, parking, bridges, waiting locations,
terminals’ congestion, etc.) is provided through an integrated tool. This way, port users
use information and can implement further own planning decision algorithms that in-
corporate cost-effective conditions. The following paragraphs put forward the inter-
mediary solutions that a TGS can consist of and the interdependencies between them.
Table 3 points out both the costs and the benefits incurred by port users that use a
TGS. This outcome is derived from the answers received during the semi-structured in-
terviews. Depending on the business model chosen, some users might incur costs. The
potential presence of these costs in each TGS intermediary solution are marked within
brackets in Table 3.
Legend: The following notation that identifies the costs and benefits presence in each
version have been made: bTGS – for a basic TGS; e – for an enhanced TGS and faTGS
– for a fully automated TGS.
Basic TGS
IT experts and SC stakeholders have pointed out during the interviews that data
sources dispersion and heterogeneity are the two main problems in developing solu-
tions for road transport. Yet, the cost and the capacities of integrating multiple data
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sources are barriers in achieving a functional TGS. Achieving this stage though would
enable truck drivers and planners to gather information at once with regard to status of
bridges, lock passages, road works, parking availability; but also data to indicate driving
times, waiting or transit durations at terminals. Yet, road carriers face a major disad-
vantage from using robust technologies (set through on-board computers, stand-alone
navigation systems etc.) that do not allow further integration with this type of data.
Hence, data visualization and information delivery to users can be seen as sub-steps of
this phase. The interviewed stakeholders indicated that data collection and bundling is
a critical step in building any ICT solution.
In this step, the present study proposes the development of a truck guidance (TG) in-
formation system that includes the following building blocks (Böse 2011):
 A centralized TG provider backend (incl. The TG data, algorithms and web
services)
The TG databases will retrieve their information from diverse sources like
neighbouring cities, parking lots, bridges, locks (equipped with e.g., cameras,
induction loops) and terminal operators.
 A local TG information system running at the trucking company (e.g. accessible
by the planner/dispatcher) and running on-board the trucks (e.g. TG on-board info
system accessible by the trucker, running on smartphone, tablet, OBU). To retrieve
up-to-date info in the truck, wireless Internet connectivity (3G/4G/Wi-Fi) at the
truck location is a hard requirement.
The desk research has shown that digital information over each of these elements already
exists, but the road transport operators have pointed out during interviews that there is little
coordination (Wiegmans et al. 2018). Indeed, multiple data sources exist, presenting infor-
mation for all the elements mentioned, but no coordinated hub providing the information
in a standardized and uniform way is available. In effect, the data is scattered over multiple
servers in wildly different formats and with varying strengths and quality. Moreover,
digitalization and technology are no barriers (or disadvantages) anymore when more ad-
vanced technologies (that leverage on cloud solutions, remote processing etc.) are set in use.
In this context, a neutral party could pursue this level of integration. After integrating these
sources of information, public application programming interface (API)s could be opened
for the use of a wide range of application developers.
To have a successful TGS, the cost of multiple data source integration is covered by
the initiating party. In this regard, the interviewees have indicated that this initiating
party has to be a neutral stakeholder that also would also need to ensure the operation
and the follow-up of improvements introduced by these sources.
On the benefits side, from Table 3, it can be seen that the bundling of different infor-
mation sources is mainly beneficial to the trucking industry. The trucking companies,
by having direct access to real-time electronic information, would benefit from
operational savings and increased performance. Also by bundling information in a one-
stop-shop type of system, it is expected that trucking companies will increase their effi-
ciency. As a consequence, other third-party IT developers focused on services that are
not directly linked to the trucking industry could benefit from higher information qual-
ity and a standardized data source.
Carlan et al. Journal of Shipping and Trade            (2019) 4:12 Page 15 of 24
Enhanced TGS
This research shows that, besides the further integration of external data sources, build-
ing an enhanced TGS is a following step in achieving a fully automated TGS. That step
concerns the connection to the planner’s back end, integration with slot appointment
systems at the terminals, integration with road infrastructure managements systems
and linking other stakeholders’ systems (such as shippers, maritime carriers, agents, for-
warders, consignees). These actions, taken also in parallel, would enable the following
results. Firstly, it creates a reliable planning based on centralized information by truck
planners. Secondly, it contributes to increasing efficiency at the terminals by providing
higher quality and reliable data with regard to road transport. Thirdly, it enables new
management solutions for road infrastructure and parking capacity according to the de-
mand. Finally, it updates actively the operational status of activities carried out in oper-
ations involving multiple stakeholders (e.g. providing shippers with details regarding
whether their cargo has been unloaded from a vessel and what would be the expected
time of pick-up by a road carrier.
Developing an enhanced TGS requires the collaboration of all the involved stake-
holders with the developers of the current booking systems. Within this concept, road
transporters, terminal operators, infrastructure managers and the other stakeholders
(actors that do not operate the TGS), would be required to set up or link their oper-
ational planning software with the central platform. This step would enable the full
range of benefits for road transport operators, terminal operators and infrastructure
managers. Lastly, the other stakeholders enjoy benefits from getting access to improved
reliable information.
Table 3 shows the costs and benefits put forward by a bTGS and indicates the add-
itional brought by the implementation of an eTGS. After having road traffic data bun-
dled, this version gives the opportunity to specialized IT developers to bring this
information to the planner’s back-end and thus offer extra value-added services. In this
step, capacities and resources are required from both the user and the developers. Simi-
lar to the previous version, depending on the further functionalities, users might incur
service costs. Getting real-time information from multiple sources directly in the dash-
board would reduce the planner’s effort in daily operations. This step would enable the
full range of benefits for road transport operators.
As a further sub-step and depending on the availability of data, algorithms semi-
automate the planning process based on real data and give suggestions to planners with
regard to possible solutions. Equally, IT developers would enjoy benefits from having
road traffic data on one platform to deliver value-added services. A data integration ini-
tiator (a neutral data integrating party) would be required to collaborate with terminal
operators and use capacities (on the development and operational side) in common
with the developers of current booking systems (IT companies, terminals etc.) at the
terminals. Within this concept, terminal operators that do not operate a booking plat-
form would be required to set up or link their operational planning software with the
central platform. Road infrastructure management is a necessary element to increase
the efficiency of a TGS. Data with regard to available capacity of road infrastructure,
parking, scheduled road works, empty depots, bridges or tunnels is necessary for an ef-
fective TGS. The further centralized management of these elements would bring even
more added-value services.
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The initiator of this version would incur the development costs together with the IT
suppliers of existing electronic solutions. Furthermore, the same stakeholders, together
with the infrastructure owners/managers, would support the operation and mainten-
ance costs. These stakeholders would have to start a market analysis to measure the
trucking companies’ willingness to pay for electronic booking of parking locations, if
feasible, and determine the feasibility of a user fee.
After having this version completed, further extension with value-added services to other
supply chain stakeholders is enabled. In this solution, capacities and resources would be re-
quired from both a user perspective (such as shippers, forwarders or carriers) but also from
the developers’ side. Joint development efforts of supply chain stakeholders with own (in-
house) IT developers are necessary. Similar to initial version, depending on the further
functionalities, users might incur costs when using value-added services. Getting real time
information from multiple sources directly in their dashboard would reduce the employee’s
efforts. A short list of examples can be given, such as the calculation of transportation cost,
real-time updates with regard to the expected delivery timing, etc. This version would en-
able the full range of benefits for shippers, forwarders and carriers. Equally, depending on
the availability of data, algorithms are set in place to semi-automate the process of transport
booking and retrieve real-time data. IT developers would enjoy benefits from having more
data, enabling delivering more value-added services to their customers.
Fully automated TGS
A fully automated and dynamic TGS is a management system with real-time traffic and
integrated transport for capacity management in and around ports. An additional layer
representing the full integration with cooperative intelligent transport systems (C-ITS)
technology is also considered. The goal of such a system is optimizing the planning and
decision making based on new available C-ITS information coming from vehicles and
infrastructure (Fig. 4).
This solution is developed to serve the mobility needs of the wide port community,
improving the global cost-effectiveness of transport movements. In addition to the ben-
efits of the enhanced TGS, Table 3 marks the effects of a fully-dynamic TGS on the
port related stakeholders.
This overview puts forward the types of costs and benefits (additional to the two pre-
vious versions of a TGS) that each stakeholder involved in the truck guidance system
would incur. The TGS development cost is incurred by the developing party (the port
authority or a private stakeholder), while the operational and the maintenance efforts
would be taken by the users, the logistics stakeholders. When fully operational, the fully
dynamic slot booking system correlates the demands of each of the involved stake-
holders. This system would adopt advanced decision algorithms to reach a global opti-
mal solution for guiding the truck traffic in and in the vicinity of the port of Antwerp.
This solution brings then benefits to the port users (the logistics stakeholders) and to
the society as a whole.
TGS strategies
This sub-section puts forward three strategies that can be followed at a seaport for
achieving an fully automated TGS. Under strategies is understood possible
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development tracks that have the same final goal. The proposed strategies discuss three
possible approaches that the port administration can follow. The first strategy leaves
the full implementation to the port administration, the second considers that private
stakeholders would develop parts of the TGS and finally, and the third discusses the
collaboration between the port authority and private stakeholders. These strategies are
proposed to highlight on the one side the possible challenges and the interests of differ-
ent stakeholders, but also to point out a possible collaboration formula towards the
achievement of the TG implementation process. This section builds on the answers
provided by the interviewees to the questions addressed in section 5 from the interview
guide (presented in Appendix 1). Each strategy is represented in Table 4. This table
puts forward the type of stakeholders that could be involved in each TG version and
their role as follows: S - marks full specialization; NS – points out the need for further
specialization; I – expresses stakeholder’s interest; and the NoI - indicates no immedi-
ate interest. This outcome is derived from the input received during the semi-
structured interviews with the MarSC stakeholders.
Strategy 1
This strategy gives the port authority the entrepreneurial role of completely developing
the truck guidance system. This development includes actions like: setting clear objec-
tives to be reached, find and convince developing stakeholders to bring their expertise
together, manage the development process, persuade the supply chain stakeholders,
deal with the system’s maintenance and constant up-date, and handle the return on in-
vestment strategy.
Strategy 2
This strategy considers the full contribution of private stakeholders in steps linked to
the development of a TGS. The lack of coordination and the specialization of each
Fig. 4 Fully automated TGS architectural design [Source: own composition based on interviews]
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stakeholder are main challenges. In this strategy, each of the needed stakeholders for
the implementation of a TGS would continue developing their expertise, but without
the presence of a stakeholder ensuring the facilitator role, the majority of the stake-
holders show no immediate interest in contributing to a fully automated TGS, as de-
tailed in Table 4.
Strategy 3
This strategy suggests the implementation of a TGS while the port authority takes the
enabler role. In this strategy, the port authority builds the developing trajectory and de-
fines clear goals and acts as the facilitator to achieve these objectives. This way, already
implemented solutions would be inventoried to further build on them. Also, the inte-
gration of a critical set of data to develop a comprehensive information system is
needed (mapping of real-time traffic information, driving times on the road segments,
waiting times and drive through time at the terminals). The specific development
process of ICT systems linked to the different steps is delegated to specialized private
stakeholders. This approach has the advantage that by expanding already in-place solu-
tions an immediate market for early adopters will be reached. For the last version, fur-
ther lobbying to interested parties is needed to indicate the port’s strategy and to
declare the demand for an enhanced truck guidance system.
Conclusions and further recommendations
This report presents an analysis of a TGS to be implemented at a seaport. The ap-
proach taken consists of both desk research and market and strategy analysis. The latter
involves interviews with logistics stakeholders having their activity linked with the port
of Antwerp. The desk research provides an overview of current operative practices in
managing data sources related to truck movements and challenges faced by port users
when working with this data. An overall TGS architecture is defined based on the desk
research. Furthermore, different types of stakeholders from the ecosystem of the port
of Antwerp gave their input and validated this architecture during semi-structured in-
terviews. The outcomes of the desk research and interviews lead to the following key
conclusions.
Firstly, this research identifies the main functionalities and architectural design of a
fully automatic TGS. The implementation of this tool is foreseen to be carried out in
three main steps. Each of these three steps delivers a version of the TGS. Regardless of
the implementation version, a TGS consists of a fundamental data backend that gathers
and stores data from the different stakeholders. This data backend provides a flexible-
end where advanced algorithms for optimized routing calculation are plugged in. A fur-
ther fundamental block is represented by an information system that visualizes, in a
user-friendly way, the process-data from the backend. This information system is open
for the use of each stakeholders. The last fundamental block is a comprehensive library
of data-integration procedures, and interfaces between the TGS and other third-party
systems. This library facilitates the easy implementation of data exchange functional-
ities by request between different stakeholders and the TGS’s backend.
Secondly, a recommended roadmap towards the implementation of a fully automated
TGS is detailed. This roadmap contains references to specialized data sources and
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identifies the SC stakeholders’ operational needs. This roadmap points towards a step-
wise approach. A first step is developing a basic system where only a few stakeholders
are involved. Keeping in mind the architecture of an advanced TGS, where more and
more stakeholders can become part of the complete system, the basis TGS needs to be
flexible. This global view foresees a solution where end users can benefit from stan-
dardized digital data. A strong integration of real-time data streaming from each port
user as part of a following enhanced TGS version. This version expands the benefits of
the TGS to the wide mass of port users. A later fully automated TGS version that con-
siders the full spectrum of data requirements of the port users is developed.
Thirdly, this research points out the conceptual costs and benefits incurred by MarSC
stakeholders when using a TGS system. This study shows that a neutral stakeholder
should cover the costs of multiple data source integration. The involvement of a neutral
stakeholder is necessary to have an initial successful deployment of a TGS. This neutral
stakeholder, by ensuring maintenance and processing services on data, can cover the
initial investment. On the benefit side, trucking companies, by having direct access to
real-time electronic information, would benefit from operational savings and increased
performance. Other MarSC stakeholders (such as shippers, maritime carriers, agents,
forwarders, consignees) receive as well benefits. These stakeholders can benefit from
more data visibility with regard to road transport operations, set up reliable planning
operations, better manage their infrastructure and develop added-value service for cli-
ents (track-and-trace services).
Fourthly, the strategy analysis suggests that a facilitator role taken by the port admin-
istration leads to the development and implementation of a fully automated TGS. This
type of strategy would build on already implemented solutions, valuing the
specialization of existing market solution developers.
The results of this research are relevant for both the academia and the industry. Clear the-
oretical aspects with regard to the fundamental necessities for building a TGS are put for-
ward. Moreover, the industry benefits from a hands-on roadmap with reference to types of
data sources and the MarSC stakeholders that provide this data. Moreover, the interest and
(need for) specialization in taking part to different version of the TGS are identified.
This initial research into aspects of a TGS development at seaports opens several op-
portunities for further investigation as follows. This research did not explore the full
span of development costs. In theory, development costs would be included in the cost
recovery strategy, but since the concept is still to be developed, this issue remains un-
certain (and may drag on for years). Similarly, issues such security, complexity of data
integration and compatibility could influence the adoption and success of a TGS. These
are not contained in the scope of the present analysis and are acknowledged as limita-
tions. New research paths can explore the role of these elements in the adoption of a
future TGS. Furthermore, this research proposes a comprehensive framework to quan-
tify the benefits brought by a TGS. As attention on the environmental performance of
road transport increases, in spite of improvements in that performance, it is appropriate
for transport economists to give greater attention to the consequences of TGS in the
environmental field as well. Another opportunity is to conduct a comparative study of
already implemented systems across ports to point out the success and failure factors
of TGSs. Equally, further research to investigate the cost effectiveness of different TGS
governance structures is of interest.
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Appendix 1
List of questions guiding the semi-structured interview
1. Can you please provide us the following general information about company?
(main activity; number of employees, annual turnover; business units and
geographical scope, etc.)
2. Can you provide us information about the ICT tools used in daily operations at
your company
2.1.Name the ICT tools used:
2.2.Who is the developer?
2.3.Info with regard to the acquisition/development? (ex. test product, simple
acquisition contract, …)
2.4.What are the existing functionalities of the technologies you use?
2.5.Are there any recurring costs to use the technology (e.g. data bundle
subscription)?
2.6.Satisfaction? Are there any issues with the technologies you use?
3. Can you provide us information about the data used in daily operations at your
company?
3.1.Which data you use in your daily operations?
3.2.Do you use specific data for each of the following operations?
3.3.Which data sources you use?
3.4.Do you have to pay for this data?
3.5.Under which format you receive this data?
3.6.Is it easily convertible to other formats?
4. Can you provide your perspective on the following aspects of a Truck guidance
system
4.1.Which technologies should be connected with type of system? point from the
existing technologies/IT systems.
4.2.What would be the quick wins and long term wins of such a system? Benefits: which
benefits you expect to get from a TG system? How big do you thing those benefit
would be? Would it be immediate? After 6months? After 1 year? After 5 years?
4.3.What types of cost would this technology introduce? Acquisition, usage, need
for investment in certain equipment, training etc.
4.4.Which actors should be involved in developing such a system? What role
would they have and how strong should their involvement be?
4.5.What are the barriers and disadvantages in using each technology/IT system
for a TG system? name disadvantages.
4.6.How could these barriers be overcome?
5. Can you provide your perspective the potential implementation of a TG system to
be used by your company?
5.1.How would your company use and what is the role that your company can
have in this solution?
5.2.Would your company invest in this solution?
5.3.Would your company pay to use this solution?
5.4.What are your company’s drivers for the use of new technologies?
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Appendix 2





Development costs (including hardware/software acquisition/development
cost, staff cost, training etc.)
Operation and maintenance Operating cost (staff cost, maintenance cost, storage and data management
costs)
User costs Costs such as: connection costs, hardware software actuation development
cost, training cost, transition fees.
Benefit categories
Direct benefits
Direct operational savings Direct value of time and labour saved on operational activity
Information quality Value of time and labour for information up-take
Increased performance Measure of activity increase (extra net income) due to more efficient
operations based on electronic data
Community benefits




Measure of benefits from community added value services
Source: (Carlan et al. 2016)
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